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Description

Field of the Invention

[0001] The present invention relates generally to the
use of therapeutic agents in the manufacture of a med-
icament for treatment for renal disease and, in particular,
for treatment of mammals, including humans, afllicted
with, or at risk of, acute renal failure. The therapeutic
agents are proteins of the osteogenic protein/bone mor-
phogenetic protein (OP/BMP) family within the TGF-β
superfamily of proteins.

Background of the Invention

[0002] The mammalian renal system serves primary
roles both in the removal of catabolic waste products
from the bloodstream and in the maintenance of fluid
and electrolyte balances in the body. Renal failure is,
therefore, a life-threatening condition in which the build-
up of catabolites and other toxins, and/or the develop-
ment of significant imbalances in electrolytes or fluids,
may lead to the failure of other major organs systems
and death. As a general matter, renal failure is classified
as "acute" or "chronic" As detailed below, acute renal
failure typically involves a rapid, drastic, life-threatening
loss of renal function over a period of a few hours to
several weeks. In contrast, chronic renal failure typically
involves a slow, progressive loss of renal function over
a period of months to years, during which time the sub-
ject's life is not immediately threatened.
[0003] Acute renal failure is characterized by an
abrupt cessation or substantial reduction of renal func-
tion, and is typically diagnosed by relatively rapid in-
creases in blood urea nitrogen (BUN) or serum creati-
nine levels over a period of a few hours or days. In as
many as 90-95% of cases, acute renal failure may be
secondary to trauma, surgery or another acute medical
condition. Generally speaking, acute renal failure may
be due to pre-renal, post-renal, or intrinsic renal causes.
Pre-renal causes (e.g., decreased cardiac output, hypo-
volemia, altered vascular resistance) and post-renal
causes (e.g., obstructions or constrictions of the ureters,
bladder or urethra) do not involve direct damage to the
kidneys but, by affecting the flow of blood to the kidneys
or the flow of urine from the kidneys, may lead to signif-
icant permanent and/or progressive damage to renal tis-
sues. On the other hand, acute renal failure may be due
to intrinsic renal causes which involve a more direct in-
sult or injury to the kidneys, and which also may entail
permanent and/or progressive damage to the nephrons
or other kidney structures. Intrinsic causes of acute re-
nal failure include but are not limited to infectious dis-
eases (e.g., various bacterial, viral or parasitic infec-
tions), inflammatory diseases (e.g., glomerulonephritis,
systemic lupus erythematosus), ischemia (e.g., renal ar-
tery occlusion), toxic syndromes (e.g., heavy metal poi-
soning, side-effects of antimicrobial treatments or

chemotherapy), and direct traumas. In human acute re-
nal failure patients, oliguria (urine output < 400ml/day)
or anuria (urine output < 50ml/day) may be present in
50-70% of cases, BUN levels may climb 10-20mg/dL/
day or faster, plasma creatinine levels may climb
0.5-1.0mg/dL/day, and metabolic acidosis is almost al-
ways present. If not treated, the electrolyte and fluid im-
balances (e.g., hyperkalemia, acidosis, edema) associ-
ated with acute renal failure may lead to life-threatening
arrhythmia, congestive heart failure, or multiple organ
system failures. Due to the severity of acute renal fail-
ure, episodes rarely last longer than several weeks with-
out mortality and are treated on an in-patient basis.
[0004] The Journal of the American Society of Neph-
rology (1996) vol. 7, no. 9, pg 1867 discloses data to
suggest that OP-1 may provide a basis for the treatment
of chronic renal disease.
[0005] WO 93/05751A discloses morphogen treat-
ment for increasing bone mass or preventing bone loss
in an individual afflicted with a bone disease.
[0006] WO 93/04692 discloses methods and compo-
sitions for alleviating tissue destructive effects associat-
ed with the inflammatory response to tissue injury in a
mammal, including administering a morphogen or mor-
phogen-stimulating agent.
[0007] WO 94/03200A discloses therapeutic treat-
ment methods, compositions and devices for maintain-
ing neural pathways in a mammal.
[0008] WO 97/41880 A1 discloses methods of treat-
ment and pharmaceutical preparations for use in the
treatment of mammalian subjects in, or at risk of, chronic
renal failure, or at risk of the need for renal replacement
therapy.
[0009] WO 97/41881 A1 discloses methods for the
treatment and pharmaceuticals for use in the treatment
of mammalian subjects in, or at risk of, chronic renal fail-
ure, or at risk of a need for renal replacement therapy.
[0010] A need remains, therefore, for treatments
which will prevent, inhibit, delay or alleviate the perma-
nent or progressive loss of renal function which may re-
sult from acute renal failure.

Summary of the Invention

[0011] The present invention is defined by the claims
of the present specification. The described therapeutic
agents may be used to treat subjects already in acute
renal failure, as well as any subject reasonably expected
to suffer acute loss of renal function. Whether a partic-
ular subject is in acute renal failure, or is at risk of acute
renal failure, is a determination which may routinely be
made by one of ordinary skill in the relevant medical or
veterinary art. Subjects in acute renal failure include
those showing either (1) an increase in blood urea ni-
trogen (BUN) at a rate of at least 2 to 4 mmol/L/day (5
to 10 mg/dL/day), or (2) an increase in serum creatinine
at a rate of at least 20 to 40 µmol/L/day (0.25 to 0.5 mg/
dL/day). More typically, subjects in acute renal failure
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show rates of increase in BUN of at least 4 to 8 mmol/
L/day (10 to 20 mg/dL/day), and rates of increase of se-
rum creatinine of at least 40 to 80 µmol/L/day (0.5 to 1.0
mg/dL/day). Subjects "at risk" of acute renal failure in-
clude subjects which are reasonably expected to enter
acute renal failure or which are otherwise expected to
otherwise suffer a rapid progressive loss of renal func-
tion. Whether a particular subject is at risk is a determi-
nation which may routinely be made by one of ordinary
skill in the relevant medical or veterinary art. Subjects
at risk of acute renal failure include but are not limited
to the following: (1) subjects in which serial determina-
tion of BUN indicates a rate of increase of at least 1 to
2 mmol/L/day (2.5 to 5 mg/dL/day); (2) subjects in which
serial determination of serum creatinine indicates a rate
of increase of at least 10 to 20 µmol/L/day (0.125 to 0.25
mg/dL/day); (3) subjects which have been diagnosed
with a pre-renal cause of acute renal failure; (4) subjects
which have been diagnosed with a post-renal cause of
acute renal failure; and (5) subjects which have been
diagnosed with an intrinsic renal cause of acute renal
failure.
[0012] The therapeutic agents of this invention capi-
talize in part upon the discovery that certain proteins of
eukaryotic origin; defined herein as OP/BMP renal ther-
apeutic agents, and including members of the osteogen-
ic protein/bone morphogenetic protein (OP/BMP) family
of proteins, may be used for manufacture of a medica-
ment for the treatment of subjects in, or at risk of, acute
renal failure. Useful renal therapeutic agents include
polypeptides, or functional variants of polypeptides,
comprising at least the C-terminal six- or seven-cysteine
domain of a mammalian protein selected from the group
consisting of OP-1, OP-2, OP-3, BMP2, BMP3, BMP4,
BMP5, BMP6, BMP9, and proteins which exhibit at least
70% or, more preferably, 75% or 80% amino acid se-
quence homology with the amino acid sequence of the
seven-cysteine domain of human OP-1; and which are
(a) capable of inducing chondrogenesis in the Reddi-
Sampath ectopic bone assay (Sampath and Reddi
(1981), Proc. Natl. Acad. Sci. (USA) 78:7599-7603) or
a substantially equivalent assay, (b) capable of signifi-
cantly preventing, inhibiting, delaying or alleviating the
permanent or progressive loss of renal function which
may result from acute renal failure in a standard animal
model of acute renal failure, or (c) capable of causing a
clinically significant improvement in a standard marker
of renal function when administered to a mammal in, or
at risk of, acute renal failure
[0013] The renal therapeutic agents of the invention
are suitable for administration by any route which is
compatible with the selected agent, and may be formu-
lated with any pharmaceutically acceptable carrier ap-
propriate to the route of administration. Preferred routes
of administration are parenteral and, in particular, intra-
venous, intraperitoneal, and renal intracapsular. Admin-
istration is expected to be continuous or frequent (e.g.,
daily) during the period of acute renal failure, typically

1-3 weeks, but may also be continued for several weeks
or months after the acute phase. Daily dosages of the
renal therapeutic agents are expected to be in the range
of about 0.01-1000 µg/kg body weight, and more pref-
erably about 10-700 µg/kg body weight, although pre-
cise dosages will vary depending upon the particular re-
nal therapeutic agent employed and the particular sub-
ject's medical condition and history.
[0014] The therapeutic uses of the present invention
include reducing the rate and/or degree of morbidity in
mammals in, or at risk of, acute renal failure. In addition,
said therapeutic uses are useful in preventing, inhibiting,
delaying or alleviating the permanent or progressive
loss of renal function which may result from acute renal
failure. As such, the present invention has great value,
not only for increasing survival rates, but also in prevent-
ing or delaying the need for chronic dialysis or renal re-
placement therapy, in preventing or delaying the devel-
opment of chronic renal insufficiency or chronic renal
failure, and/or for reducing the necessary frequency of
chronic renal dialysis.
[0015] In another aspect, the OP/BMP renal thera-
peutic agents of the invention are useful for inhibiting
apoptosis of cells in damaged or injured tissues. In this
respect, the OP/BMP therapeutic agents are shown to
reduce apoptosis of damaged or injured epithelial tis-
sues, particularly renal epithelium.
[0016] In another aspect, the OP/BMP renal thera-
peutic agents of the invention may be used in the man-
ufacture of medicaments for the treatment of any of the
above-described conditions.

Brief Description of the Drawings

[0017]

FIGURE 1 is a bar graph showing the effect of OP-
1 on creatinine levels in rats in which ischemic renal
damage was induced by temporarily preventing re-
nal blood flow. The vertical axis of the graph is a
scale of creatinine (µmol/L).

FIGURE 2 is a table showing the effect of OP-1 on
creatinine levels and on hemodynamic parameters
in rats in which renal function was impaired by ad-
ministering norepinephrine.

Detailed Description of the Invention

I. Definitions

[0018] In order to more clearly and concisely point out
the subject matter of the claimed invention, the following
definitions are provided for specific terms used in the
following written description and appended claims.
[0019] Acute Renal Failure. Acute renal failure is typ-
ically defined as a rapid deterioration in renal function
sufficient to result in the accumulation of nitrogenous
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wastes in the body (see, e.g., Anderson and Schrier
(1994), in Harrison's Principles of Internal Medicine,
13th edition, Isselbacher et al., eds., McGraw Hill Text,
New York). Rates of increase in BUN of at least 4 to 8
mmol/L/day (10 to 20 mg/dL/day), and rates of increase
of serum creatinine of at least 40 to 80 µmol/L/day (0.5
to 1.0 mg/dL/day), are typical in acute renal failure. In
subjects which are catabolic (or hypercatabolic), rates
of increase in BUN may exceed 100/mg/dL/day. Rates
of increase in BUN or serum creatinine are usually de-
termined by serial blood tests and, preferably, at least
two blood tests are conducted over a period of between
6 and 72 hours or, more preferably, 12 and 24 hours. A
distinction is sometime made between "acute" renal fail-
ure (deterioration over a period of days) and "rapidly
progressive" renal failure (deterioration over a period of
weeks). As used herein, however, the phrase "acute re-
nal failure" is intended to embrace both syndromes.
[0020] Pre-renal Causes of Acute Renal Failure. As
used herein, pre-renal causes of acute renal failure in-
clude decreased cardiac output, hypovolemia, volume
redistribution, and altered vascular resistance.
[0021] Post-renal Causes of Acute Renal Failure. As
used herein, post-renal causes of acute renal failure in-
clude ureteral, pelvic and bladder obstructions. For ex-
ample, blood clots and kidney stones may cause ob-
structions of the ureters or bladder. Obstructions also
may arise from sloughed papillae, and fungus balls. Ex-
trinsic obstructions may result from, for example, malig-
nancies or hypertrophies (e.g., prostatic or bladder car-
cinoma), retroperitoneal fibrosis, or iatrogenic causes
(e.g., inadvertent ligation). Urethral strictures or phimo-
sis may also cause pre-renal acute renal failure.
[0022] Intrinsic Renal Causes of Acute Renal Failure.
As used herein, intrinsic renal causes of acute renal fail-
ure include:

(1) Abnormalities of the vasculature such as vaso-
constrictive disease (e.g., malignant hypertension,
scleroderma, hemolytic uremic syndrome, throm-
botic thrombocytopenic purpura) and vasculitis (e.
g., polyarteritis nodosa, hypersensitivity angiitis, se-
rum sickness, Wegener's granulomatosis, giant cell
arteritis, mixed cryoglobulinemia, Henoch-Schon-
lein purpura, systemic lupus erythematosus);
(2) Abnormalities of the glomeruli such as post-in-
fectious abnormalities (e.g., post-streptococcal,
pneumococcal, gonococcal, staphylococcal, ente-
rococcal, viral [e.g., hepatitis B and C, mumps,
measles, Epstein-Barr], malarial, or related to bru-
cellosis, Legionella, Listeria, shunt nephritis, lepro-
sy, leptospirosis, or visceral abscesses) and non-
infectious abnormalities (e.g., rapidly progressive
glomerulonephritis, membranoproliferative glomer-
ulonephritis, Goodpasture's syndrome, systemic lu-
pus erythematosus, Wegener's granulomatosis);
(3) Acute interstitial nephritis resulting from drug re-
lated causes (e.g., penicillins, sulfonamides, carbe-

nicillin, cephalosporin, erythromycin, nafcillin, oxa-
cillin, nonsteroidal antiinflammatory agents, diuret-
ics [furosemide, ethacrynic acid, thiazide, spironol-
actone, mercurials], phenytoin, phenobarbital,
probenicid, allopurinol, cimetidine), infection relat-
ed causes (e.g., acute pyelonephritis, streptococ-
cal, staphylococcal, leptospirosis, malaria, salmo-
nellosis), papillary necrosis (e.g., associated with
diabetes mellitus, sickle cell diseases, analgesic
abuse, alcoholism), and other, miscellaneous caus-
es (e.g., sarcoidosis, leukemia, lymphoma);
(4) Intratubular obstruction from crystal deposition
(e.g., uric acid, oxalate, methotrexate) or multiple
myeloma and light chain disease; and
(5) Acute tubular necrosis resulting from nephrotox-
ins (e.g., antimicrobials such as aminoglycosides,
tetracyclines, amphotericin, polymyxin, cepha-
losporins), heavy metals (e.g., mercury, lead, ar-
senic, gold salts, barium), and other, miscellaneous
chemical agents (e.g., cisplatin, doxorubicin, strep-
tozocin, methoxyflurane, halothane, ethylene gly-
col, carbon tetrachloride), or from ischemia (e.g.,
hemorrhage, hypotension, sepsis, burns, renal inf-
arction, renal artery dissection, rhabdomyolysis,
trauma), or other miscellaneous causes (e.g., con-
trast agents, transfusion reactions, myoglobinemia,
heat stroke, snake and spider bites).

[0023] Other diseases and conditions which place a
subject at risk of acute renal failure include: kidney
transplantation surgery (as donor or recipient), bilateral
arterial occlusion, bilateral acute renal vein thrombosis,
acute uric acid nephropathy, hypovolemia, cardiovascu-
lar collapse, acute bilateral upper tract obstruction, hy-
percalcemic nephropathy, hemolytic uremic syndrome,
acute urinary retention, malignant nephrosclerosis, es-
sential mixed cyroimmunoglobulinemia, oxalate neph-
ropathy, cortical necrosis, postpartum glomerulosclero-
sis, hypersensitivity nephropathy, scleroderma, idio-
pathic rapidly progressive glomerulonephritis, Good-
pasture's syndrome, non-Goodpasture's anti-GBM dis-
ease, acute bacterial endocarditis or visceral sepsis, mi-
croscopic polyarteritis nodosa, Wegener's granuloma-
tosis, allergic granulomatosis, acute radiation nephritis,
post-streptococcal glomerulonephritis, nonstreptococ-
cal post-infectious glomerulonephritis, diffuse prolifera-
tive lupus nephritis, membranoproliferative glomeru-
lonephritis, renal vein thrombosis, Waldenstrom's mac-
roglobulinemia, multiple myeloma, Berger's (IgA) neph-
ropathy, Henoch-Schönlein purpura, and focal glomer-
ulosclerosis.
[0024] OP/BMP renal therapeutic agent. As used
herein, the terms "OP/BMP renal therapeutic agent,"
"renal therapeutic agent of the invention," and the like
mean a polypeptide, or a functional variant of a polypep-
tide, comprising at least the C-terminal six- or seven-
cysteine domain of a mammalian protein selected from
the group consisting of OP-1, OP-2, OP-3, BMP2,
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BMP3, BMP4, BMP5, BMP6, BMP9, and proteins which
exhibit at least 70% or, more preferably, 75% or 80%
amino acid sequence homology with the amino acid se-
quence of the seven-cysteine domain of human OP-1;
and which is (a) capable of inducing chondrogenesis in
the Reddi-Sampath ectopic bone assay (Sampath and
Reddi (1981), Proc. Natl. Acad. Sci. (USA) 78:
7599-7603) or a substantially equivalent assay, (b) ca-
pable of significantly preventing, inhibiting, delaying or
alleviating the permanent or progressive loss of renal
function which may result from acute renal failure in a
standard animal model of acute renal failure, or (c) ca-
pable of causing a clinically significant improvement in
a standard marker of renal function when administered
to a mammal in, or at risk of, acute renal failure.
[0025] Therapeutic efficacy. As used herein, a renal
therapeutic agent of the invention is said to have "ther-
apeutic efficacy," and an amount of the agent is said to
be "therapeutically effective," if administration of that
amount of the agent is sufficient to cause a clinically sig-
nificant improvement in a standard marker of renal func-
tion when administered to a mammalian subject (e.g., a
human patient) in, or at risk of, acute renal failure. Such
markers of renal function are well known in the medical
literature and include, without being limited to, rates of
increase in BUN levels, rates of increase in serum cre-
atinine, static measurements of BUN, static measure-
ments of serum creatinine, glomerular filtration rates
(GFR), ratios of BUN/creatinine, serum concentrations
of sodium (Na+), urine/plasma ratios for creatinine,
urine/plasma ratios for urea, urine osmolality, daily urine
output, and the like (see, for example, Anderson and
Schrier (1994), in Harrison's Principles of Internal Med-
icine, 13th edition, Isselbacher et al., eds., McGraw Hill
Text, New York; Kumar and Stein (1994), in Internal
Medicine, 4th Edition, J.H. Stein, ed., Mosby-Year Book,
Inc. St. Louis.)

II. Embodiments of the Invention

A. General

[0026] The present invention depends, in part, upon
the surprising discovery that therapeutic use of certain
protein-based renal therapeutic agents to subjects in
acute renal failure, or at risk of acute renal failure, can
reduce mortality and/or morbidity rates, and prevent, in-
hibit, delay or alleviate the permanent and/or progres-
sive loss of renal function associated with acute renal
failure. The present invention is particularly surprising
in light of the fact that the agents of the present invention
are proteins, whereas standard treatment regimes for
acute renal failure include the limitation of protein intake
to reduce strain on the kidneys. In preferred embodi-
ments, the renal therapeutic agents of the invention are
members of the osteogenic protein/bone morphogenet-
ic protein (OP/BMP) family within the TGF-β superfamily
of proteins.

B. OP/BMP Renal Therapeutic Agents

[0027] The renal therapeutic agents of the present in-
vention are naturally occurring proteins, or functional
variants of naturally occurring proteins, in the osteogen-
ic protein/bone morphogenetic protein (OP/BMP) family
within the TGF-β superfamily of proteins. That is, these
proteins form a distinct subgroup, referred to herein as
the "OP/BMP family," within the loose evolutionary
grouping of sequence-related proteins known as the
TGF-β superfamily. Members of this protein family com-
prise secreted polypeptides that share common struc-
tural features, and that are similarly processed from a
pro-protein to yield a carboxy-terminal mature protein.
Within the mature protein, all members share a con-
served pattern of six or seven cysteine residues defining
a 97-106 amino acid domain, and the active form of
these proteins is either a disulfide-bonded homodimer
of a single family member, or a heterodimer of two dif-
ferent members (see, e.g., Massague (1990), Annu.
Rev. Cell Biol. 6:597; Sampath et al. (1990), J. Biol.
Chem. 265:13198). For example, in its mature, native
form, natural-sourced human OP-1 is a glycosylated
dimer typically having an apparent molecular weight of
about 30-36 kDa as determined by SDS-PAGE. When
reduced, the 30 kDa protein gives rise to two glycosylat-
ed peptide subunits having apparent molecular weights
of about 16 kDa and 18 kDa. The unglycosylated protein
has an apparent molecular weight of about 27 kDa.
When reduced, the 27 kDa protein gives rise to two un-
glycosylated polypeptide chains, having molecular
weights of about 14 kDa to 16 kDa.
[0028] Typically, the naturally occurring OP/BMP pro-
teins are translated as a precursor, having an N-tenninal
signal peptide sequence, a "pro" domain, and a "ma-
ture" protein domain. The signal peptide is typically less
than 30 residues, and is cleaved rapidly upon translation
at a cleavage site that can be predicted using the meth-
od of Von Heijne (1986), Nucleic Acids Research 14:
4683-4691. The "pro" domain is variable both in se-
quence and in length, ranging from approximately 200
to over 400 residues. The pro domain is cleaved to yield
the "mature" C-terminal domain of approximately
115-180 residues, which includes the conserved six- or
seven-cysteine C-terminal domain of 97-106 residues.
As used herein, the "pro form" of an OP/BMP family
member refers to a protein comprising a folded pair of
polypeptides, each comprising a pro domain in either
covalent or noncovalent association with the mature do-
mains of the OP/BMP polypeptide. Typically, the pro
form of the protein is more soluble than the mature form
under physiological conditions. The pro form appears to
be the primary form secreted from cultured mammalian
cells. The "mature form" of the protein refers to mature
C-terminal domain which is not associated, either cov-
alently or noncovalently, with the pro domain. Any prep-
aration of OP-1 is considered to contain mature form
when the amount of pro domain in the preparation is no
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more than 5% of the amount of "mature" C-terminal do-
main.
[0029] OP/BMP family members useful herein include
any of the known naturally-occurring native proteins in-
cluding allelic, phylogenetic counterpart and other vari-
ants thereof, whether naturally-sourced or biosyntheti-
cally produced (e.g., including "muteins" or "mutant pro-
teins"), as well as new, active members of the OP/BMP
family of proteins.
[0030] Particularly useful sequences include those
comprising the C-terminal seven cysteine domains of
mammalian, preferably human, OP-1, OP-2, OP-3,
BMP2, BMP3, BMP4, BMP5, BMP6, BMP8 and BMP9.
Other proteins useful in the practice of the invention in-
clude active forms of GDF-5, GDF-6, GDF-7, DPP, Vgl,
Vgr-1, 60A, GDF-1, GDF-3, GDF-5, GDF-6, GDF-7,
BMP 10, BMP11, BMP 13, BMP 15, UNIVIN, NODAL,
SCREW, ADMP or NURAL and amino acid sequence
variants thereof. In one currently preferred embodiment,
the renal therapeutic agents of the invention are select-
ed from any one of: OP-1, OP-2, OP-3, BMP2, BMP3,
BMP4, BMP5, BMP6, and BMP9.
[0031] Publications disclosing these sequences, as
well as their chemical and physical properties, include:
OP-1 and OP-2: U.S. Pat. No. 5,011,691, U.S. Pat. No.
5,266,683, and Ozkaynak et al. (1990), EMBO J. 9:
2085-2093; OP-3: WO94/10203; BMP2, BMP3, and
BMP4: U.S. Pat. No. 5,013,649, WO91/18098,
WO88/00205, and Wozney et al. (1988), Science 242:
1528-1534; BMP5 and BMP6: WO90/11366 and Ce-
leste et al. (1991), Proc. Natl. Acad. Sci. (USA) 87:
9843-9847; Vgr-1: Lyons et al. (1989), Proc. Natl. Acad.
Sci. (USA) 86: 4554-4558; DPP: Padgett et al. (1987),
Nature 325:81-84; Vgl: Weeks (1987), Cell 51:861-867;
BMP-9: WO95/33830; BMP10: WO94/26893; BMP-11:
WO94/26892; BW12: WO95/16035; BMP-13:
WO95/16035; GDF-1: WO92/00382 and Lee et al.
(1991), Proc. Natl. Acad. Sci. (USA) 88:4250-4254;
GDF-8: WO94/2168 1; GDF-9: WO94/15966; GDF-10:
WO95/10539; GDF-11: WO96/01845; BMP-15:
WO96/36710; MP121: WO96/01316; GDF-5 (CDMP-1,
MP52): WO94/15949, WO96/14335, W093/16099 and
Storm et al. (1994), Nature 368:639-643; GDF-6
(CDMP-2, BMP13): WO95/01801, WO96/14335 and
WO95/10635; GDF-7 (CDMP-3, BMP12): WO95/10802
and WO95/10635; BMP-3b: Takao, et al. (1996), Bio-
chem. Biophys. Res. Comm. 219:656-662; GDF-3:
WO94/15965; 60A: Blaster et al. (1993), Cell 73 :
687-702 and GenBank accession number L12032. In
another embodiment, useful proteins include biological-
ly active biosynthetic constructs, including novel biosyn-
thetic proteins and chimeric proteins designed using se-
quences from two or more known OP/BMP family pro-
teins. See also the biosynthetic constructs disclosed in
U.S. Pat. No. 5,011,691, the disclosure of which is in-
corporated herein by reference (e.g., COP-1, COP-3,
COP-4, COP-5, COP-7, and COP-16).
[0032] In other preferred embodiments, the renal ther-

apeutic agents useful herein include therapeutically ef-
fective proteins in which the amino acid sequences com-
prise a sequence sharing at least 70% amino acid se-
quence "homology" and, preferably, 75% or 80% homol-
ogy with the C-terminal seven cysteine domain present
in the active forms of human OP-1 (i.e., residues
330-431, as shown in SEQ ID NO: 2 of U.S. Pat. No.
5,266,683). In other preferred embodiments, the renal
therapeutic agents useful herein include therapeutically
effective proteins in which the amino acid sequences
comprise a sequence sharing at least 60% amino acid
sequence identity and, preferably, 65% or 70% identity
with the C-terminal seven cysteine domain present in
the active forms of human OP-1. As will be understood
by those skilled in the art, homologous or functionally
equivalent sequences include functionally equivalent
arrangements of the cysteine residues within the con-
served cysteine skeleton, including amino acid inser-
tions or deletions which alter the linear arrangement of
these cysteines, but do not materially impair their rela-
tionship in the folded structure of the dimeric protein,
including their ability to form such intra- or inter-chain
disulfide bonds as may be necessary for biological ac-
tivity. To determine the degree of homology of a candi-
date amino acid sequence to the C-terminal seven
cysteine skeleton of human OP-1, the candidate se-
quence and the reference sequence are first aligned us-
ing an alignment algorithm, such as the dynamic pro-
gramming algorithm described in Needleman et al., J.
Mol. Biol. 48:443 (1970), or the Align Program, a com-
mercial software package produced by DNAstar, Inc. Af-
ter the initial alignment is made, it may then be refined
by comparison to the sequences of other members of
the OP/BMP family of related proteins. Once the align-
ment between the candidate and reference sequences
is made and refined, a percent homology score is cal-
culated. The individual amino acids of each sequence
are compared sequentially according to their similarity
to each other. Similarity factors include similar size,
shape and electrical charge. One particularly preferred
method of determining amino acid similarities is the
PAM250 matrix described in Dayhoff et al. (1978), Atlas
of Protein Sequence and Structure Vol. 5 (Suppl. 3), pp.
354-352, Natl. Biomed. Res. Found., Washington, D.C.
A similarity score is first calculated as the sum of the
aligned pair-wise amino acid similarity scores. Inser-
tions and deletions are ignored for the purposes of per-
cent homology and identity. Accordingly, gap penalties
are not used in this calculation. The raw score is then
normalized by dividing it by the geometric mean of the
scores of the candidate compound and the seven
cysteine skeleton of hOP-1. The geometric mean is the
square root of the product of these scores. The normal-
ized raw score is the percent homology.
[0033] Thus, amino acid sequence "homology" is un-
derstood herein to include both amino acid sequence
identity and similarity and, as used herein, a percentage
"homology" between two amino acid sequences indi-
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cates the percentage of amino acid residues which are
identical or similar between the sequences. "Similar"
residues are "conservative substitutions" which fulfill the
criteria defined for an "accepted point mutation" in Day-
hoff et al. (1978), supra.. Thus, "conservative substitu-
tions" are residues that are physically or functionally
similar to the corresponding reference residues, having
similar size, shape, electric charge, and/or chemical
properties such as the ability to form covalent or hydro-
gen bonds, or the like. Examples of conservative sub-
stitutions include the substitution of one amino acid for
another with similar characteristics, e.g., substitutions
within the following groups: (a) valine, glycine; (b) gly-
cine, alanine; (c) valine, isoleucine, leucine; (d) aspartic
acid, glutamic acid; (e) asparagine, glutamine; (f) serine,
threonine; (g) lysine, arginine, methionine; and (h) phe-
nylalanine, tyrosine. The term "conservative substitu-
tion" or "conservative variation" also includes the use of
a substituted amino acid in place of an unsubstituted
parent amino acid in a given polypeptide chain, provided
that the resulting substituted polypeptide chain also has
therapeutic efficacy in the present invention.
[0034] The renal therapeutic agents of the invention
are also characterized by biological activities which may
be readily ascertained by those of ordinary skill in the
art. Specifically, a renal therapeutic agent of the present
invention is (a) capable of inducing chondrogenesis in
the Reddi-Sampath ectopic bone assay (Sampath and
Reddi (1981), Proc. Natl. Acad. Sci. (USA) 78:
7599-7603) or a substantially equivalent assay, (b) ca-
pable of significantly preventing, inhibiting, delaying or
alleviating the permanent or progressive loss of renal
function which may result from acute renal failure in a
standard animal model of acute renal failure, or (c) ca-
pable of causing a clinically significant improvement in
a standard marker of renal function when administered
to a mammal in, or at risk of, acute renal failure.
[0035] The Reddi-Sampath ectopic bone assay is well
known in the art as an assay of chondrogenic activity.
The assay, which can be easily performed, is described
and discussed in, for example, Sampath and Reddi
(1981), Proc. Natl. Acad. Sci. (USA) 78:7599-7603; and
Wozney (1989), "Bone Morphogenetic Proteins,"
Progress in Growth Factor Research 1:267-280. Many
equivalent assays, using other animals and tissue sites,
may be employed or developed by those of skill in the
art to evaluate the biological activity of the renal thera-
peutic agents of the present invention. See, for example,
the bioassays described in U.S. Pat. No. 5,226,683.
[0036] The renal therapeutic agents of the present in-
vention also may be tested in animal models of acute
renal failure. Mammalian models of acute renal failure
in, for example, mice, rats, guinea pigs, cats, dogs,
sheep, goats, pigs, cows, horses, and non-human pri-
mates, may be created by causing an appropriate direct
or indirect injury or insult to the renal tissues of the an-
imal. Animal models of acute renal failure may, for ex-
ample, be created by inducing in the animal the condi-

tions or diseases described above as placing a subject
"at risk" of acute renal failure. In particularly preferred
embodiments, an animal model is employed in which
acute renal failure is induced by the controlled adminis-
tration of nephrotoxic agents (e.g., cisplatin, aminogly-
coside antibiotics, heavy metals).
[0037] Finally, the renal therapeutic agents of the
present invention may be evaluated for their therapeutic
efficacy in causing a clinically significant improvement
in a standard marker of renal function when adminis-
tered to a mammalian subject (e.g., a human patient) in,
or at risk of, acute renal failure. Such markers of renal
function are well known in the medical literature and in-
clude, without being limited to, rates of increase in BUN
levels, rates of increase in serum creatinine, static
measurements of BUN, static measurements of serum
creatinine, glomerular nitration rates (GFR), ratios of
BUN/creatinine, serum concentrations of sodium (Na+),
urine/plasma ratios for creatinine, urine/plasma ratios
for urea, urine osmolality, daily urine output, and the like
(see, for example, Anderson and Schrier (1994), in Har-
rison's Principles of Internal Medicine, 13th edition, Is-
selbacher et aL, eds., McGraw Hill Text, New York; Ku-
mar and Stein (1994), in Internal Medicine, 4th Edition,
J.H. Stein, ed., Mosby-Year Book, Inc. St. Louis).
[0038] The renal therapeutic agents contemplated
herein can be expressed from intact or truncated ge-
nomic or cDNA or from synthetic DNAs in prokaryotic or
eukaryotic host cells. The dimeric proteins can be iso-
lated from the culture media and/or refolded and dimer-
ized in vitro to form biologically active compositions.
Heterodimers can be formed in vitro by combining sep-
arate, distinct polypeptide chains. Alternatively, het-
erodimers can be formed in a single cell by co-express-
ing nucleic acids encoding separate, distinct polypep-
tide chains. See, for example, WO93/09229, or U.S.
Pat. No. 5,411,941, for several exemplary recombinant
heterodimer protein production protocols. Currently pre-
ferred host cells include, without limitation, prokaryotes
including E. coli, or eukaryotes including yeast, Saccha-
romyces, insect cells, or mammalian cells, such as
CHO, COS or BSC cells. One of ordinary skill in the art
will appreciate that other host cells can be used to ad-
vantage. Detailed descriptions of the proteins useful in
the practice of this invention, including how to make, use
and test them for chondrogenic activity, are disclosed in
numerous publications, including U.S. Pat. Nos.
5,266,683 and 5,011,691.

C. Subjects suitable for Treatment

[0039] As a general matter, the therapeutic agents of
the present invention may be utilized for the manufac-
ture of a medicament for treating any mammalian sub-
ject in, or at risk of, acute renal failure. Such mammalian
subjects include, but are not limited to, human subjects
or patients. In addition, however, the therapeutic agents
may be employed for the manufacture of a medicament
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for treating domesticated mammals which are main-
tained as human companions (e.g., dogs, cats, horses),
which have significant commercial value (e.g., dairy
cows, beef cattle, sporting animals), which have signif-
icant scientific value (e.g., captive or free specimens of
endangered species), or which otherwise have value. In
addition, as a general matter, the subjects suitable for
treatment with the therapeutic agents of the present in-
vention need not present indications for treatment with
the agents of the invention other than those associated
with acute renal failure or risk of acute renal failure. That
is, the subjects for treatment may be otherwise free of
indications for treatment with the agents of the invention.
In some number of cases, however, the subjects may
present with other symptoms (e.g., osteodystrophy) for
which renal therapeutic agent treatment would be indi-
cated. In such cases, the renal therapeutic agent treat-
ment should be adjusted accordingly so to avoid exces-
sive dosing.
[0040] One of ordinary skill in the medical or veteri-
nary arts is trained to recognize subjects in, or at risk of,
acute renal failure, and a detailed scientific literature has
developed around the subject. See, for example; Ander-
son and Schrier (1994), in Harrison's Principles of Inter-
nal Medicine, 13th edition, Isselbacher et al., eds., Mc-
Graw Hill Text, New York; Kumar and Stein (1994), in
Internal Medicine, 4th Edition, J.H. Stein, ed., Mosby-
Year Book, Inc. St. Louis.
[0041] Preferably, a diagnosis that a subject is in
acute renal failure, or at risk of entering acute renal fail-
ure, is made on the basis of serial blood tests measur-
ing, among other factors, the circulating levels of serum
creatinine and blood urea nitrogen. Such "serial" blood
tests may be taken every few hours immediately upon
admittance of an undiagnosed patient presenting with
symptoms of acute renal failure. More typically, howev-
er, consecutive serial blood tests are separated by a pe-
riod of at least 6 hours, not more than 72 hours, and
preferably 12-24 hours. On the basis of two or more
blood tests within a 24 or 72 hour period, it is possible
to calculate a rate of increase of serum creatinine or
BUN.
[0042] Finally, it should be noted that subjects pos-
sessing a single kidney, irrespective of the manner of
loss of the other kidney (e.g., physical trauma, surgical
removal, birth defect), may be considered to be at in-
creased risk of acute renal failure. This is particularly
true for those subjects in which one kidney has been
lost due to a disease or condition which may afflict the
remaining kidney. Similarly, subjects which are already
recipients of a renal transplant, or which are receiving
chronic dialysis (e.g., chronic hemodialysis or continu-
ous ambulatory peritoneal dialysis) may be considered
to be at increased risk of acute renal failure. Therefore,
for these subjects, the clinical indications discussed
above may need to be more carefully monitored, and
earlier or more aggressive intervention with renal ther-
apeutic agent treatment may be advisable.

[0043] In another aspect, the OP/BMP renal thera-
peutic agents of the invention are useful for inhibiting
apoptosis of cells in damaged or injured tissues. This is
also demonstrated in Example 3, below, in which it is
seen that systemically administered OP-1 reduces the
number of apoptotic cells in a rat ischemia-reperfusion
injury model of ARF. Thus, the OP/BNT therapeutic
agents are shown to be useful in inhibiting apoptosis of
damaged or injured epithelial tissues, particularly renal
epithelium.

D. Formulations and Therapeutic Uses

[0044] The renal therapeutic agents of the present in-
vention are suitable for administration by any route
which is compatible with the particular renal therapeutic
agent employed. Thus, as appropriate, administration
may be oral or parenteral, including intravenous, intra-
peritoneal, and renal intracapsular routes of administra-
tion. In addition, administration may be by periodic in-
jections of a bolus of the renal therapeutic agent, or may
be made more continuous by intravenous or intraperi-
toneal administration from a reservoir which is external
(e.g., an i.v. bag) or internal (e.g., a bioerodable implant
or implanted pump).
[0045] The renal therapeutic agents of the invention
are suitable for administration to an individual by any
suitable means, preferably directly (e.g., locally, as by
injection or topical administration to a tissue locus) or
systemically (e.g., parenterally or orally). Where the
agent is to be provided parenterally, such as by intrave-
nous, subcutaneous, or intramuscular, administration,
the agent preferably comprises part of an aqueous so-
lution. The solution is physiologically acceptable so that
in addition to delivery of the desired agent to the subject,
the solution does not otherwise adversely affect the sub-
ject's electrolyte and/or volume balance. The aqueous
medium for the agent thus may comprise normal phys-
iologic saline (e.g., 9.85% NaCl, 0.15M, pH 7-7.4).
[0046] If desired, a given renal therapeutic agent or
other agent may be made more soluble by association
with a suitable molecule. For example, association of a
mature OP/BMP dimer with an OP/BMP pro domain re-
sults in the pro form of the renal therapeutic agent which
typically is more soluble or dispersible in physiological
solutions than the corresponding mature form. In fact,
endogenous members of the OP/BMP family are
thought to be transported (e.g., secreted and circulated)
in the mammalian body in this form. This soluble form
of the protein can be obtained from culture medium of
OP/BNT-secreting mammalian cells, e.g., cells trans-
fected with nucleic acid encoding and competent to ex-
press the protein. Alternatively, a soluble species can
be formulated by complexing the mature dimer (or an
active fragment thereof) with a pro domain or a solubil-
ity-enhancing fragment thereof (described more fully
below). Another molecule capable of enhancing solubil-
ity and particularly useful for oral administrations, is ca-
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sein. For example, addition of 0.2% casein increases
solubility of the mature active form of OP-1 by 80%. Oth-
er components found in milk and/or various serum pro-
teins also may be useful.
[0047] Useful solutions for parenteral administration
may be prepared by any of the methods well known in
the pharmaceutical art, described, for example, in Rem-
ington's Pharmaceutical Sciences (Gennaro, A., ed.),
Mack Pub., 1990.
[0048] Alternatively, the agents described herein are
suitable for administration orally. Oral administration of
proteins as therapeutics generally is not practiced as
most proteins are readily degraded by digestive en-
zymes and acids in the mammalian digestive system be-
fore they can be absorbed into the bloodstream. How-
ever, the renal therapeutic agents described herein typ-
ically are acid stable and protease-resistant (see, for ex-
ample, U.S. Pat. No. 4,968,590). In addition, at least one
of these renal therapeutic agents, OP-1, has been iden-
tified in mammary gland extract, colostrum and 57-day
milk. Moreover, the OP-1 purified from mammary gland
extract is therapeutically efficacious and also is detected
in the bloodstream. Finally, soluble form OP-1, e.g., ma-
ture OP-1 associated with the pro domain, is therapeu-
tically efficacious. These findings, as well as those dis-
closed in the examples below, indicate that oral and
parenteral administration are viable means for adminis-
tering the renal therapeutic agents of the invention to an
individual. In addition, while the mature forms of certain
renal therapeutic agents described herein typically are
sparingly soluble, the form found in milk (and mammary
gland extract and colostrum) is readily soluble, probably
by association of the mature, therapeutically efficacious
form with part or all of the pro domain of the intact se-
quence and/or by association with one or more milk
components. Accordingly, the compounds provided
herein also may be associated with molecules capable
of enhancing their solubility in vitro or in vivo.
[0049] The compounds provided herein also may be
associated with molecules capable of targeting the renal
therapeutic agent to the desired tissue. For example, an
antibody, antibody fragment, or other binding protein
that interacts specifically with a surface molecule on
cells of the desired tissue, may be used. Useful targeting
molecules may be designed, for example, using the sin-
gle chain binding site technology disclosed, for exam-
ple, in U.S. Pat. No. 5,091,513.
[0050] As will be appreciated by one of ordinary skill
in the art, the formulated compositions contain thera-
peutically effective amounts of the renal therapeutic
agent. That is, they contain amounts which provide ap-
propriate concentrations of the agent to the renal tissues
for a time sufficient to prevent, inhibit, delay or alleviate
permanent or progressive loss of renal function, or oth-
erwise provide therapeutic efficacy. As will be appreci-
ated by those skilled in the art, the concentration of the
compounds described in a therapeutic composition of
the present invention will vary depending upon a

number of factors, including the biological efficacy of the
selected agent, the chemical characteristics (e.g., hy-
drophobicity) of the compounds employed, the formula-
tion of the compound excipients, the administration
route, and the treatment envisioned, including whether
the active ingredient is to be administered directly into
a kidney or renal capsule, or whether it is to be admin-
istered systemically. The preferred dosage to be admin-
istered also is likely to depend on such variables such
as the condition of the renal tissues, extent of renal func-
tion loss, and the overall health status of the particular
subject. Dosages are preferably administered continu-
ously, but daily, multi-weekly, weekly or monthly dosag-
es may also be employed. For subjects which would oth-
erwise require continuous, bi-weekly or tri-weekly he-
modialysis sessions, continuous, bi-weekly or tri-weekly
intravenous or intraperitoneal infusions are not consid-
ered unduly inconvenient. In addition, in order to facili-
tate frequent infusions, implantation of a semi-perma-
nent stent (e.g., intravenous, intraperitoneal or intracap-
sular) may be advisable.
[0051] The renal therapeutic agents of the invention
are suitable for administration alone or in combination
with other molecules known to be beneficial in the treat-
ment of the conditions described herein. When used in
combination with other agents, it may be advisable to
alter the dosages of the renal therapeutic agents of the
present invention accordingly.
[0052] Thus, the present invention provides for the
use of the OP/BMP renal therapeutic agents of the in-
vention in the manufacture of medicaments for the treat-
ment of any of the above-described conditions.
[0053] Practice of the invention, including additional
preferred aspects and embodiments thereof, will be still
more fully understood from the following examples,
which are presented herein for illustration only and
should not be construed as limiting the invention in any
way.

Example 1

[0054] To examine the ability of OP-1 to beneficially
affect the course of renal function after an acute ischem-
ic insult to the kidney, the effect of OP-1 on creatinine
levels was examined in rats in which ischemic renal
damage was induced by temporarily preventing renal
blood flow. In this model system, both renal arteries are
clamped for 60 minutes. OP-1 is administered into the
tail vein of each rat at 0.25 µg/kg at the following four
times: 10 minutes before artery clamping, and then
again at each of 24, 48, and 72 hours after the ischemic
injury. As shown in Figure 1, the creatinine level of pla-
cebo-treated rats rises rapidly after injury, peaks at the
24 hour measurement, and is back to normal by the 18th
day post-injury. In contrast, OP-1 treatment is associat-
ed with a creatinine level which peaks at the 24 hour
measurement to a level only half that of the placebo
group, after which it begins to decrease. For each of the
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four post-injury days on which measurements were
made, the creatinine level of the placebo treated rats
was at least twice as high as that of the OP-1 treated
animals. These results indicate that OP-1 may limit the
damage caused to renal tissue by an ischemic insult,
and may also speed the functional recovery of the kid-
ney.

Example 2

[0055] To study the effect of post-injury OP-1 treat-
ment on renal function in another animal model of renal
failure, rats with a single kidney were treated with OP-1
2 days after norepinephrine-induced renal damage. In
the model system (further described in Conger et al.,
Kidney Intl. 40:21-28, 1991), each rat has a kidney re-
moved 7 days prior to renal injury, which is induced by
intra-arterial infusion of norepinephrine for 90 minutes.
Two days after norepinephrine administration, OP-1 is
administered intravenously at 0.25 mg/kg.
[0056] The upper table of Figure 2 presents creatinine
levels of vehicle- and OP-1 treated rats. On the fourth
day after injury, the animals which had been treated with
OP-1 on the second day after injury had creatinine levels
which are significantly lower than the levels of the vehi-
cle-treated controls. The data presented in the lower ta-
ble of Figure 2 shows that OP-1 treatment was also as-
sociated with improvements in renal blood flow, GFR,
and urine flow as compared to controls.

Example 3

[0057] Further experiments, using ischemia-reper-
fusion injury as a model of acute renal failure in rats,
were conducted as follows:

Animal Surgical Procedures and Experimental
protocols.

[0058] Wistar male rats of 200-250 g (Pliva Breeding
Laboratory, Zagreb, Croatia) were fasted for 12 h prior
to surgery. After intraperitoneal administration of keta-
min (20 mg/kg) anesthetic, both renal arteries were dor-
sally occluded for 60 minutes with microaneurysm
clamps (Roboz). Vehicle buffer or OP-1 containing 20
mM sodium acetate buffer (500µl) were administered
via the tail vein. All animals were subjected to intraperi-
toneal administration of 1-3 ml of prewarmed (37°C) sa-
line (0.9% NaCl) to compensate for any fluid loss during
the surgery. Experiments were blind, and rats were ter-
minated at different time intervals ranging from 30 min
to 18 days. Blood samples (0.5 ml) were obtained from
the orbital plexus at 0 h, 24 h, 48 h, and 72 h and, in
some cases, at 30 min, 2 h, 8 h, and 96 h, and 18 days
following reperfusion. For GFR measurements, urine
was collected from metabolic cages for 24 h as previ-
ously described (Vukicevic et al. (1989) Bone Miner. 6:
125-39). Serum and urine creatinine was measured by

the Jaffe method (Whelton et al. (1994) in Clinical
Chemistry, Burtis and Ashwood, eds., Amer. Assn. Clin.
Chem.), blood urea nitrogen (BUN) was measured by
glutamate dehydrogenase UV procedure, phosphorus
was measured by a molybdate method, and calcium
was measured by an o-cresolphtaleine method. Serum
electrolytes were measured by indirect potentiometry.
Fifteen independent experiments with a total of 456 rats
were performed. In a prophylactic model, OP-1 was ad-
ministered 10 minutes prior to surgery and then at 24 h,
48 h, and 72 h thereafter. In a therapeutic model, the
first OP-1 injection was administered either at 1 h or 16
h after reperfusion, followed by injections at 24 h inter-
vals up to 96 h following reperfusion.

Histomorphometry and immunocytochemistry

[0059] At sacrifice, each kidney was split longitudinal-
ly and one half was fixed in 4% paraformaldehyde. Two
consecutive sections from paraffin embedded blocks
were stained with H&E and PAS. The morphometric
measurements were done on longitudinal sections us-
ing an eye-piece grid that contains 100-point grid lines
under a Nikon microscope (Nikon Optiphot-2; MVI,
Avon, MA). The grid was calibrated by a stage microm-
eter and the area of a specific feature was measured by
counting the number of intersects (points or hits) that
were superimposed on the tissue of interest. All counts
were done through a 1x objective lens. Each point or hit
represents an area of 0.61 mm2. Verification of features
were done at a higher magnification, if they could not be
discerned through the 1x objective lens.
[0060] Morphometric variables included total tissue
area, dilated tubular area, plugged tubular area, infarct-
ed area, and necrotic area. A dilated tubule was defined
as a tubular structure having distended lumen and iden-
tifiable epithelial cells. A plugged tubule was defined as
a tubular structure having debris-filled lumen and iden-
tifiable epithelial cells. An infarcted area was defined as
a portion or a zone of the kidney showing identifiable
tissue profiles and lost cellular details, which was
stained bright pink by H&E stain, and which was asso-
ciated with regional congestion in the outer medulla. A
necrotic area was defined as a portion or a zone of the
kidney located in the infarcted area showing loss of both
tissue profits and cellular details.
[0061] Immunocytochemistry was performed using
the immunoperoxidase detection system (Zymed, San
Francisco, CA). The following monoclonal antibodies
were used: PCNA (proliferating cell nuclear antigen; Da-
ko, Denmark), smooth muscle α-actin (SMA) (Dako,
Denmark), smooth muscle myosin IgG (BTI, Stoughton,
MA) and ICAM (CD 54; Dako, Denmark). A minimum of
3000 cells were counted per kidney section stained for
PCNA and SMA, and the number of positive cells was
expressed as a percentage of total counted cells in the
subdivisions of cortex, and/or S3 zone.
[0062] Apoptotic cells were detected by a TACS 2 TdT
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in situ apoptosis system (Trevigen, Gaithersburg, MD).
The total number of apoptotic cells were counted in cor-
tex and medulla in three sections per kidney from eight
independent animals per group, sacrificed at days 1, 2,
3, and 5 following reperfusion.

Neutrophil accumulation and activity

[0063] The neutrophil infiltration was determined us-
ing naphthol AS-D chloroacetate esterase staining (Sig-
ma) on histologic sections. The neutrophils were count-
ed in the cortex and S3 zone (outer medulla and inner
cortex) using an ocular grid. Data were expressed as
number of neutrophils per mm2, evaluated on 100 high
power fields per section, two sections per animal from
8 independent rats at 24 h following injury. In addition,
neutrophil activity was determined at 24 h following in-
jury by myeloperoxidase activity (MPO). For MPO, kid-
neys were extracted in 0.5% HTAB (Sigma) in 50 mM
KPO4 buffer, pH 6.0, homogenized for 10 min, sonicated
for 5 min and, finally, the lysate was centrifuged for 60
min at 20,000xg. Ten µl of extract was incubated with 1
ml of 50 mM KPO4 buffer containing 0.167 mg/ml O-
dianisidine (Sigma) and 0.0005% H2O2 at 25°C. Ab-
sorbance was determined at 460 nm using a myeloper-
oxidase standard (Oxis) and normalized to kidney wet
weight.

Statistical analysis

[0064] Two way analysis of variance and post hoc
analysis with Duncan's multiple range test were per-
formed to determine the effects of treatment and time
on biochemical and histological parameters. Mann-
Whitney-U tests & Chi-tests were used to determine the
significance of differences in results between selected
groups.

Prophylactic and Therapeutic Effects

[0065] In a typical experiment, at 24 h post reper-
fusion, serum creatinine (Cr) and blood urea nitrogen
(BUN) levels were increased 8 to 10 times above normal
values in rats with acute renal failure that received ve-
hicle acetate buffer (500 µl; pH 4.5). Intravenous injec-
tion of 250 µg OP-1/kg at 10 minutes prior to clamping
and then at 24 h intervals up to 72 h post reperfusion,
dramatically decreased the mortality rate and strongly
suppressed the elevation of serum Cr, BUN, phospho-
rus and potassium values, as compared to vehicle-treat-
ed rats. Serum sodium and chloride values were un-
changed in all animals. Vehicle alone did not influence
the kidney function in rats with ARF as compared to ARF
rats that received none. The OP-1 dose which success-
fully protected the kidney against ischemic injury varied
with age of the animal and severity of ischemia and
reperfusion, and was within a range of 50 - 250 µg/kg.
GFR measured at 24 h after reperfusion was significant-

ly higher in OP-1 treated rats than in vehicle-treated
rats. Specifically, sham rats had a GFR (ml/min) of
4.7±0.8; vehicle-treated ARF rats had a GFR of
0.25±0.11; and OP-1 treated rats had a GFR of
0.45±0.17 (p<0.05 vs ARF). To examine the therapeutic
potential of OP-1 for the treatment of established ARF,
OP-1 was administered either at 1 h or 16 h following
reperfusion. Both OP-1 treatment groups showed lower
serum Cr and BUN values. The reduction of serum Cr
and BUN was more dramatic in rats with OP-1 adminis-
tered at 1 h than those receiving OP-1 at 16 h post reper-
fusion. These results indicate that OP-1 protects against
loss of kidney function in ischemia as measured by se-
rum biochemical parameters.

Protection against kidney damage

[0066] Histological analysis of kidney sections from
rats with ARF indicated that morphologic changes had
occurred in the S3 zone. At 2 h after reperfusion, vehicle
treated kidneys showed signs of congestion which led
to large areas of parenchymal infarction and necrosis
when examined at 24 h, 72 h, and 120 h after reper-
fusion. Animals given OP-1 prior to ischemia, however,
exhibited little or no congestion and had less infarction;
28 of 32 vehicle-treated kidneys and 16 of 32 OP-1 treat-
ed kidneys had white infarction (necrosis), and 26 of 32
vehicle-treated and 14 of 32 OP-1 treated rats had red
infarction. Histomorphometric analyses showed that 6
and 11% of the kidney section area in vehicle-treated
rats and 0 and 0.3% of OP-1 treated rats had white or
red infarction, respectively. In the kidney area affected
by infarction, approximately 50% of tubules were dilated
both in vehicle and OP-1 treated rats at 1 to 5 days fol-
lowing injury. However, fewer tubules plugged with
desquamated epithelial cells, cell debris, and cast ma-
trix were found in OP-1 treated rats as compared with
vehicle-treated animals on days 2 and 5 post injury. The
analysis of peritubular capillary-derived smooth muscle
cells revealed that at 24 h post-injury, approximately
5-fold more cells in the S3 zone of OP-1 treated kidneys
expressed α-actin as compared to vehicle treated kid-
neys, suggesting that OP-1 therapy supports the main-
tenance of a vascular smooth muscle phenotype. Cell
proliferation evaluated by PCNA staining indicated an
increase in proximal tubule cell growth in the cortex and
outer medulla of OP-1 treated rats. In animals treated 1
h after reperfusion, OP-1 had a similar protective action
on kidney histology. In animals treated 16 h after reper-
fusion, the structural damage was similar to vehicle-
treated animals at 24 h following injury.

Suppression of Inflammation

[0067] As ICAM-1 has been reported to play an im-
portant role during the onset of ARF, we determined the
effect of OP-1 on the expression of ICAM-1 at different
time points following ischemia and reperfusion. OP-1
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treatment 10 min prior to ischemia attenuated the ex-
pression of ICAM-1 as determined by molecular and his-
tochemical analyses of kidneys obtained at 30 min, 2 h
and 8 h following reperfusion. Significant neutrophil ac-
cumulation in vehicle-treated rats was observed at 24 h
following reperfusion in the S3 zone. In contrast, rats
treated with OP-1 had dramatically decreased neu-
trophil accumulation (232 ± 47 cells/mm2 in vehicle vs
9 ± 3 cells/mm2 in OP-1 group; n = 8, p < 0.01). Neu-
trophil activity in the kidney was monitored by measuring
the total tissue myeloperoxidase activity (MPO). Admin-
istration of OP-1 1 h following reperfusion decreased the
MPO activity approximately 3-fold as determined at 24
h post reperfusion (MPO/µg/wet kidney: 37.3 ± 16.5 in
vehicle vs 12.8 ± 7.6 in OP-1 treated kidneys; n=8;
p<0.01).

Reduction of Apoptosis

[0068] At days 1 and 2 following injury, there were no
differences in the number of apoptotic cells in the me-
dulla of both OP-1 and vehicle-treated kidneys. Howev-
er, a reduction in the number of apoptotic cells was ob-
served in the cortex of OP-1 treated rats. Five days after
injury, OP-1 treatment resulted in a dramatic reduction
of apoptotic cells attached to the basement membrane
of tubules of both the cortex and medulla, whereas nu-
merous apoptotic cells were observed in the lumen of
the renal tubules of vehicle-treated rats.

Claims

1. Use of a BMP (bone morphopenetic protein) renal
therapeutic agent for the manufacture of a medica-
ment for improving renal function in a mammal in,
or at risk of, acute renal failure.

2. Use according to Claim 1 for delaying the need for,
or reducing the frequency of, dialysis treatment of
a mammal in, or at risk of, acute renal failure.

3. Use according to Claim 1 for inhibiting apoptosis of
a cell in a mammalian tissue which has been dam-
aged or injured, or which is at risk of damage or in-
jury, due to acute renal failure.

4. Use according to any of Claims 1-3, wherein said
renal therapeutic agent comprises a polypeptide
consisting of at least a C-terminal cysteine domain
of a protein selected from the group consisting of a
pro form, a mature form, and a soluble form of a
polypeptide selected from the group consisting of
OP-1, OP-2, OP-3, BMP2, BMP3, BMP4, BMP5,
BMP6, and BMP9,

5. Use according to Claim 4, wherein said renal ther-
apeutic agent comprises a polypeptide consisting

of at least a C-terminal cysteine domain of a protein
selected from the group consisting of a pro form, a
mature form, and a soluble form of human OP-1.

6. Use according to any of Claims 1-3, wherein said
renal therapeutic agent comprises a polypeptide
having at least 70% homology with an amino acid
sequence of a seven- cysteine domain of human
OP-1.

7. Use according to Claim 6, wherein said polypeptide
has at least 75% homology with an amino acid se-
quence of a seven-cysteine domain of human OP-
1.

8. Use according to Claim 6, wherein said polypeptide
has at least 80% homology with an amino acid se-
quence of a seven-cysteine domain of human OP-
1.

9. Use according to Claim 6, wherein said polypeptide
has at least 60% identity with an amino acid se-
quence of a seven-cysteine domain of human OP-
1.

10. Use according to Claim 6, wherein said polypeptide
has at least 65% identity with an amino acid se-
quence of a seven-cysteine domain of human OP-
1.

11. Use according to Claim 6, wherein said polypeptide
has at least 70% identity with an amino acid se-
quence of a seven-cysteine domain of human OP-
1.

12. Use according to any one of Claims 4-11, wherein
said renal therapeutic agent

(a) induces chondrogenesis in an ectopic bone
assay;
(b) prevents, inhibits, delays or alleviates loss
of renal function resulting from acute renal fail-
ure in an animal model of acute renal failure, or
(c) causes a clinically significant improvement
in a standard marker of renal function when ad-
ministered to a mammal in, or at risk of, acute
renal failure.

13. Use according to any one of Claims 1-3, wherein
said renal therapeutic agent is selected from the
group consisting of human osteogenic proteins and
human bone marphogenic proteins.

14. Use according to Claim 1 or Claim 2, wherein the
medicament is capable of reducing the rate of in-
crease in BUN in the mammal having a rate of in-
crease in BUN of at least 1 to 2 mmol/L/day (2.5 to
5 mg/dL/day).
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15. Use according to Claim 1 or Claim 2, wherein the
medicament is capable of reducing the rate of in-
crease in BUN in the mammal having a rate of in-
crease in BUN of at least 2 to 4 mmol/L/day (5 to
10 mg/dL/day).

16. Use according to Claim 1 or Claim 2, wherein the
medicament is capable of reducing the rate of in-
crease in BUN in the mammal having a rate of in-
crease in BUN of at least 4 to 8 mmol/L/day (10 to
20 mg/dL/day).

17. Use according to Claim 1 or Claim 2, wherein said
medicament is capable of reducing the rate of in-
crease in serum creatinine in the mammal having a
rate of increase in serum creatinine of at least 10 to
20 µmol/L/day (0.125 to 0.25 mg/dL/day).

18. Use according to Claim 1 or Claim 2, wherein said
medicament is capable of reducing the rate of in-
crease in serum creatinine in the mammal having a
rate of increase in serum creatinine of at least 20 to
40 µmol/L/day (0.25 to 0.5 mg/dL/day).

19. Use according to Claim 1 or Claim 2, wherein said
medicament is capable of reducing the rate of in-
crease in serum creatinine in the mammal having a
rate of increase in serum creatinine of at least 40 to
80 µmol/L/day (0.5 to 1.0 mg/dL/day).

20. Use according to Claim 1 or Claim 2, for treating or
alleviating pre-renal causes of acute renal failure,
post-renal causes of acute renal failure, and intrin-
sic renal causes of acute renal failure.

21. Use according to Claim 20, for treating or alleviating
a pre-renal cause of acute renal failure selected
from the group consisting of decreased cardiac out-
put, hypovolemia, volume redistribution, and al-
tered vascular resistance.

22. Use according to Claim 20, for treating or alleviating
a post-renal cause of acute renal failure selected
from the group consisting of ureteral, pelvic and
bladder obstructions.

23. Use according to Claim 20, for treatment or allevi-
ating an intrinsic renal cause of acute renal failure
selected from the group consisting of abnormalities
of the vasculature, abnormalities ofthe glomeruli,
acute interstitial nephritis, intratubular obstruction,
and acute tubular necrosis.

24. Use according to Claim 1 or Claim 2, for treating or
alleviating a kidney transplant recipient.

25. Use according to Claim 1 or Claim 2, for treating or
alleviating a mammal possessing only one kidney.

26. Use according to any of Claims 1-3, wherein said
medicament is for oral, parenteral, intravenous, in-
traperitoneal, or renal capsule administration.

27. Use according to any of Claims 1-3, wherein said
medicament is to be administered parenterally via
a stent implanted in the mammal.

28. Use according to Claim 27, wherein the stent is an
intravenous stent.

29. Use according to Claim 27, wherein the stent is an
intraperitoneal stent.

30. Use according to Claim 27, wherein the stent is a
renal intracapsular stent.

Patentansprüche

1. Verwendung eines BMP- (Knochen morphogeneti-
sches Protein, "bone morphogenetic protein") Nie-
ren-therapeutischen Wirkstoffs zur die Herstellung
eines Medikaments zur Verbesserung der Nieren-
funktion in einem Säugetier bei, oder bei dem Risiko
von, akutem Nierenversagen.

2. Verwendung nach Anspruch 1 zur Verzögerung des
Erfordernisses, oder Reduzierung der Häufigkeit,
einer Dialysebehandlung eines Säugetiers bei,
oder bei dem Risiko von, akutem Nierenversagen.

3. Verwendung nach Anspruch 1 zur Inhibierung der
Apoptose von einer Zelle in einem Säugetiergewe-
be, welches beschädigt oder verletzt worden ist,
oder welches dem Risiko eines Schadens oder ei-
ner Verletzung auf Grund akuten Nierenversagens
unterliegt.

4. Verwendung nach einem der Ansprüche 1 bis 3, wo-
bei der Nieren-therapeutische Wirkstoff ein Poly-
peptid umfaßt, welches aus mindestens einer C-ter-
minalen Cystein-Domäne eines Proteins, ausge-
wählt aus der Gruppe bestehend aus einer Pro-
Form, einer reifen Form und einer löslichen Form
eines Polypeptids, ausgewählt aus der Gruppe, be-
stehend aus OP-1, OP-2, OP-3, BMP2, BMP3,
BMP4, BMP5, BMP6, und BMP9, besteht.

5. Verwendung nach Anspruch 4, wobei der Nieren-
therapeutische Wirkstoff ein Polypeptid umfaßt,
welches aus mindestens einer C-terminalen Cy-
stein-Domäne eines Proteins, ausgewählt aus der
Gruppe, bestehend aus einer Pro-Form, einer rei-
fen Form und einer löslichen Form des humanen
OP-1, besteht.

6. Verwendung nach einem der Ansprüche 1 bis 3, wo-
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bei der Nieten-therapeutische Wirkstoff ein Poly-
peptid umfaßt, welches mindestens 70% Homolo-
gie zu einer Aminosäuresequenz einer sieben-Cy-
stein-Domäne des humanen OP-1 aufweist.

7. Verwendung nach Anspruch 6, wobei das Polypep-
tid mindestens 75% Homologie zu einer Aminosäu-
resequenz einer sieben-Cystein-Domäne des hu-
manen OP-1 aufweist.

8. Verwendung nach Anspruch 6, wobei das Polypep-
tid mindestens 80% Homologie zu einer Aminosäu-
resequenz einer sieben-Cystein-Domäne des hu-
manen OP-1 aufweist.

9. Verwendung nach Anspruch 6, wobei das Polypep-
tid mindestens 60% Identität mit einer Aminosäure-
sequenz einer sieben-Cystein-Domäne des huma-
nen OP-1 aufweist.

10. Verwendung nach Anspruch 6, wobei das Polypep-
tid mindestens 65% Identität mit einer Aminosäure-
sequenz einer sieben-Cystein-Domäne des huma-
nen OP-1 aufweist.

11. Verwendung nach Anspruch 6, wobei das Polypep-
tid mindestens 70% Identität mit einer Aminosäure-
sequenz einer sieben-Cystein-Domäne des huma-
nen OP-1 aufweist.

12. Verwendung nach einem der Ansprüche 4 bis 11,
wobei der Nieren-therapeutische Wirkstoff

(a) die Chondrogenese in einer ektopischen
Knochenassay induziert;
(b) den Verlust der Nierenfunktion, resultierend
aus einem akuten Nierenversagen in einem
Tiermodell über akutes Nierenversagen, ver-
hindert, inhibiert, verzögert oder mindert, oder
(c) eine klinisch signifikante Verbesserung ei-
nes Standard-Markers für die Nierenfunktion
verursacht, wenn er einem Säugetier bei, oder
bei dem Risiko von, akutem Nierenversagen
verabreicht wird.

13. Verwendung nach einem der Ansprüche 1 bis 3, wo-
bei der Nieren-therapeutische Wirkstoff ausgewählt
ist aus der Gruppe, bestehend aus humanen kno-
chenbildenden Proteinen ("osteogenic proteins")
und humanen Knochen morphogenetischen Protei-
nen.

14. Verwendung nach Anspruch 1 oder Anspruch 2,
wobei das Medikament in der Lage ist, die Anstiegs-
rate von BUN in dem Säugetier, welches eine An-
stiegsrate von BUN von mindestens 1 bis 2 mmol/
l/Tag (2,5 bis 5 mg/dl/Tag) besitzt, zu reduzieren.

15. Verwendung nach Anspruch 1 oder 2, wobei das
Medikament in der Lage ist, die Anstiegsrate von
BUN in dem Säugetier, welches eine Anstiegsrate
von BUN von mindestens 2 bis 4 mmol/l/Tag (5 bis
10 mg/dl/Tag) besitzt, zu reduzieren.

16. Verwendung nach Anspruch 1 oder 2, wobei das
Medikament in der Lage ist, die Anstiegsrate von
BUN in dem Säugetier, welches eine Anstiegsrate
von BUN von mindestens 4 bis 8 mmol/l/Tag (10 bis
20 mg/dl/Tag) besitzt, zu reduzieren.

17. Verwendung nach Anspruch 1 oder 2, wobei das
Medikament in der Lage ist, die Anstiegsrate von
Serum-Creatinin in dem Säugetier, welches eine
Anstiegsrate von Serum-Creatinin von mindestens
10 bis 20 µmol/l/Tag (0,125 bis 0,25 mg/dl/Tag) be-
sitzt, zu reduzieren.

18. Verwendung nach Anspruch 1 oder 2, wobei das
Medikament in der Lage ist, die Anstiegsrate von
Serum-Creatinin in dem Säugetier, welches eine
Anstiegsrate von Serum-Creatinin von mindestens
20 bis 40 µmol/l/Tag (0,25 bis 0,5 mg/dl/Tag) besitzt,
zu reduzieren.

19. Verwendung nach Anspruch 1 oder 2, wobei das
Medikament in der Lage ist, die Anstiegsrate von
Serum-Creatinin in dem Säugetier, welches eine
Anstiegsrate von Serum-Creatinin von mindestens
40 bis 80 µmol/l/Tag (0,5 bis 1,0 mg/dl/Tag) besitzt,
zu reduzieren.

20. Verwendung nach Anspruch 1 oder 2 zur Behand-
lung oder Minderung von Prä-Nieren-Ursachen
akuten Nierenversagens, Post-Nieren-Ursachen
eines akuten Nierenversagens und intrinsische
Nieren-Ursachen eines akuten Nierenversagens.

21. Verwendung nach Anspruch 20 zur Behandlung
oder Minderung einer Prä-Nieren-Ursache eines
akuten Nierenversagens, ausgewählt aus der
Gruppe, bestehend aus herabgesetzter Herzlei-
stung, Hypovolumie, Volumen-Redistribution und
verändertem Gefäßwiderstand.

22. Verwendung nach Anspruch 20 zur Behandlung
oder Minderung einer Post-Nieren-Ursache eines
akuten Nierenversagens, ausgewählt aus der
Gruppe, bestehend aus Harnleiter-, Becken- und
Blasenbehinderungen.

23. Verwendung nach Anspruch 20 zur Behandlung
oder Minderung einer intrinsischen Nieren-Ursache
eines akuten Nierenversagens, ausgewählt aus der
Gruppe, bestehend aus Anomalitäten des
Gefäßsystems ("vasculature"), Anomalitäten der
Glomeruli, akuter interstitielle Nephritis, intratubu-
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läre Behinderung und akute tubuläre Nekrose.

24. Verwendung nach Anspruch 1 oder 2 zur Behand-
lung oder Minderung eines Nierentransplantat-
Empfängers.

25. Verwendung nach Anspruch 1 oder 2 zur Behand-
lung oder Minderung eines Säugetiers, welches le-
diglich eine Niere besitzt.

26. Verwendung nach einem der Ansprüche 1 bis 3, wo-
bei das Medikament für eine orale, parenterale, in-
travenöse, intraperitoneale oder Nierenkapsel Ver-
abreichung ist.

27. Verwendung nach einem beliebigen der Ansprüche
1 bis 3, wobei das Medikament parenteral über ei-
nen in das Säugetier implantierten Stent (endolumi-
nale Gefäßprothese), verabreicht wird.

28. Verwendung nach Anspruch 27, wobei der Stent ein
intravenöser Stent ist.

29. Verwendung nach Anspruch 27, wobei der Stent ein
intraperitonealer Stent ist.

30. Verwendung nach Anspruch 27, wobei der Stent ein
Nieren-intrakapsulärer Stent ist.

Revendications

1. Utilisation d'un agent thérapeutique rénal BMP
(protéine morphogénétique osseuse) pour la fabri-
cation d'un médicament destiné à améliorer la fonc-
tion rénale chez un mammifère atteint de ou pré-
sentant un risque d'insuffisance rénale aiguë.

2. Utilisation selon la revendication 1 destinée à retar-
der la nécessité de, ou à réduire la fréquence du
traitement de dialyse chez un mammifère atteint de
ou présentant un risque d'insuffisance rénale aiguë.

3. Utilisation selon la revendication 1 destinée à inhi-
ber l'apoptose d'une cellule de tissu de mammifère
qui a été endommagé ou blessé ou qui présente un
risque d'être endommagé ou blessé, du fait d'une
insuffisance rénale aiguë.

4. Utilisation selon l'une quelconque des revendica-
tions 1 à 3, dans laquelle ledit agent thérapeutique
rénal comprend un polypeptide se composant d'au
moins un domaine cystéine C-terminal d'une pro-
téine choisie dans le groupe consistant en une pro
forme, une forme mature, et une forme soluble d'un
polypeptide choisi dans le groupe consistant en la
OP-1, la OP-2, la OP-3, la BMP2, la BMP3, la
BMP4, la BMP5, la BMP6 et la BMP9.

5. Utilisation selon la revendication 4, dans laquelle le-
dit agent thérapeutique rénal comprend un poly-
peptide se composant d'au moins un domaine cys-
téine C-terminal d'une protéine choisie dans le
groupe consistant en une pro forme, une forme ma-
ture, et une forme soluble de la OP-1 humaine.

6. Utilisation selon l'une quelconque des revendica-
tions 1 à 3, dans laquelle ledit agent thérapeutique
rénal comprend un polypeptide ayant au moins 70%
d'homologie avec une séquence d'acides aminés
d'un domaine à sept cystéines de la OP-1 humaine.

7. Utilisation selon la revendication 6, dans laquelle le-
dit polypeptide présente au moins 75% d'homologie
avec une séquence d'acides aminés d'un domaine
à sept cystéines de la OP-1 humaine.

8. Utilisation selon la revendication 6, dans laquelle le-
dit polypeptide présente au moins 80% d'homologie
avec une séquence d'acides aminés d'un domaine
à sept cystéines de la OP-1 humaine.

9. Utilisation selon la revendication 6, dans laquelle le-
dit polypeptide présente au moins 60% d'identité
avec une séquence d'acides aminés d'un domaine
à sept cystéines de la OP-1 humaine.

10. Utilisation selon la revendication 6, dans laquelle le-
dit polypeptide présente au moins 65% d'identité
avec une séquence d'acides aminés d'un domaine
à sept cystéines de la OP-1 humaine.

11. Utilisation selon la revendication 6, dans laquelle le-
dit polypeptide présente au moins 70% d'identité
avec une séquence d'acides aminés d'un domaine
à sept cystéines de la OP-1 humaine.

12. Utilisation selon l'une quelconque des revendica-
tions 4 à 11, dans laquelle ledit agent thérapeutique
rénal

(a) induit une chondrogenèse lors d'un test ec-
topique osseux ;
(b) empêche, inhibe, retarde ou allège la perte
de la fonction rénale résultant d'une insuffisan-
ce rénale aiguë dans un modèle animal d'insuf-
fisance rénale aiguë, ou
(c) provoque une amélioration cliniquement si-
gnificative dans un marqueur standard de la
fonction rénale quand il est administré à un
mammifère atteint de ou présentant un risque
d'insuffisance rénale aiguë.

13. Utilisation selon l'une quelconque des revendica-
tions 1 à 3, dans laquelle ledit agent thérapeutique
rénal est choisi dans le groupe consistant en les
protéines ostéogéniques humaines et les protéines
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morphogénétiques osseuses humaines.

14. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle le médicament est capable de
réduire le taux d'accroissement du BUN chez le
mammifère ayant un taux d'accroissement du BUN
d'au moins 1 à 2 mmol/L/jour (2,5 à 5 mg/dL/jour).

15. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle le médicament est capable de
réduire le taux d'accroissement du BUN chez le
mammifère ayant un taux d'accroissement du BUN
d'au moins 2 à 4 mmol/L/jour (5 à 10 mg/dL/jour).

16. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle le médicament est capable de
réduire le taux d'accroissement du BUN chez le
mammifère ayant un taux d'accroissement du BUN
d'au moins 4 à 8 mmol/L/jour (10 à 20 mg/dL/jour).

17. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle ledit médicament est capable
de réduire le taux d'accroissement de la créatinine
sérique chez le mammifère ayant un taux d'accrois-
sement de la créatinine sérique d'au moins 10 à 20
µmol/L/jour (0,125 à 0,25 mg/dL/jour).

18. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle ledit médicament est capable
de réduire le taux d'accroissement de la créatinine
sérique chez le mammifère ayant un taux d'accrois-
sement de la créatinine sérique d'au moins 20 à 40
µmol/L/jour (0,25 à 0,5 mg/dL/jour).

19. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle ledit médicament est capable
de réduire le taux d'accroissement de la créatinine
sérique chez le mammifère ayant un taux d'accrois-
sement de la créatinine sérique d'au moins 40 à 80
µmol/L/jour (0,5 à 1,0 mg/dL/jour).

20. Utilisation selon la revendication 1 ou la revendica-
tion 2, destinée à traiter ou à alléger les causes pré-
rénales de l'insuffisance rénale aiguë, les causes
post-rénales de l'insuffisance rénale aiguë et les
causes rénales intrinsèques de l'insuffisance rénale
aiguë.

21. Utilisation selon la revendication 20, destinée à trai-
ter ou à alléger une cause pré-rénale de l'insuffisan-
ce rénale aiguë choisie dans le groupe consistant
en le débit cardiaque réduit, l'hypovolémie, la redis-
tribution du volume et la résistance vasculaire alté-
rée.

22. Utilisation selon la revendication 20, destinée à trai-
ter ou à alléger une cause post-rénale de l'insuffi-
sance rénale aiguë choisie dans le groupe consis-

tant en les obstructions urétérales, pelviennes et de
la vessie.

23. Utilisation selon la revendication 20, destinée à trai-
ter ou à alléger une cause rénale intrinsèque de l'in-
suffisance rénale aiguë choisie dans le groupe con-
sistant en les anomalies des vaisseaux, les anoma-
lies des glomérules, la néphrite interstitielle aiguë,
l'obstruction intratubulaire et la nécrose tubulaire
aiguë.

24. Utilisation selon la revendication 1 ou la revendica-
tion 2, destinée à traiter ou à soulager le receveur
d'une transplantation rénale.

25. Utilisation selon la revendication 1 ou la revendica-
tion 2, destinée à traiter ou à soulager le mammifère
ne possédant qu'un seul rein.

26. Utilisation selon l'une quelconque des revendica-
tions 1 à 3, dans laquelle ledit médicament est ad-
ministré par la voie orale, par la voie parentérale,
par la voie intraveineuse, par la voie intrapéritonéa-
le, ou sous la capsule rénale.

27. Utilisation selon l'une quelconque des revendica-
tions 1 à 3, dans laquelle ledit médicament est ad-
ministré par la voie parentérale, au moyen d'un
stent implanté chez le mammifère.

28. Utilisation selon la revendication 27, dans laquelle
le stent est un stent intraveineux.

29. Utilisation selon la revendication 27, dans laquelle
le stent est un stent intrapéritonéal.

30. Utilisation selon la revendication 27, dans laquelle
le stent est un stent intracapsulaire rénal.
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